BACKGROUND: Individuals with type 2 diabetes (DM2) may be less successful at achieving therapeutic weight loss than their counterparts without diabetes. This study compares weight loss in a cohort of adults with DM2 or high blood sugar (D/HBS) to a cohort of adults without D/HBS. All were overweight/obese and following a reduced or low-calorie commercial weight-loss program incorporating meal replacements (MRs) and one-on-one behavioral support. SUBJECTS/METHODS: Demographic, weight, body composition, anthropometric, pulse and blood pressure data were collected as part of systematic retrospective chart review studies. Differences between cohorts by D/HBS status were analyzed using MannWhitney U-tests and mixed model regression. RESULTS: A total of 816 charts were included (125 with self-reported D/HBS). The cohort with D/HBS had more males (40.8 vs 25.6%), higher BMI (39.0 vs 36.3 kg m −2 ) and was older (56 vs 48 years). Among clients continuing on program, the cohorts with and without D/HBS lost, on average, 5.6 vs 5.8 kg (NS) (5.0 vs 5.6%; P = 0.005) of baseline weight at 4 weeks, 11.0 vs 11.6 kg (NS) (9.9 vs 11.1%; P = 0.027) at 12 weeks and 16.3 vs 17.1 kg (13.9 vs 15.7%; NS) at 24 weeks, respectively. In a mixed model regression controlling for baseline weight, gender and meal plan, and an intention-to-treat analysis, there was no significant difference in weight loss between the cohorts at any time point. Over 70% in both cohorts lost ⩾ 5% of their baseline weight by the final visit on their originally assigned meal plan. Both cohorts had significant reductions from baseline in body fat, blood pressure, pulse and abdominal circumference. CONCLUSION: Adults who were overweight/obese and with D/HBS following a commercial weight-loss program incorporating MRs and one-on-one behavioral support achieved therapeutic weight loss. The program was equally effective for weight loss and reductions in cardiometabolic risk factors among adults with and without D/HBS.
INTRODUCTION
Across the world,~9% of adults now have diabetes and 7% have prediabetes;
1 these numbers are expected to rise, largely owing to the growing prevalence of obesity. 2 Rates are higher in the United States where over 12% of adults have diabetes and another 37% have prediabetes. 3 Diabetes is now the third leading cause of death, and as many as one in three adults may have diabetes by 2050, making it among the most pressing public health concerns in America. 4, 5 Being overweight or obese is a major risk factor for developing type 2 diabetes (DM2), and weight loss is a recommended treatment strategy for the prevention and management of this condition. Research has shown that those with prediabetes can reduce their risk of developing DM2 by~60-80% by weight loss accomplished through participation in a structured lifestyle change program with or without pharmacotherapy. 6, 7 In people with DM2, modest weight loss of just 2 to o5% can improve glycemic control, and therapeutic weight loss of ⩾ 5% can further improve glycemia and produce cardiometabolic benefits. 8, 9 Weight loss of ⩾ 10% in DM2 has been associated with a reduced rate of cardiovascular events and deaths. 10 Individuals with DM2 may have a more difficult time losing weight due to metabolic, psychological or behavioral factors, and consequently may be less likely to achieve a therapeutic level of weight loss compared with their peers without diabetes. [11] [12] [13] However, only a handful of studies have directly compared the weight loss results of individuals with DM2 to those without DM2. Results of those that did were mixed; some studies showed similar weight loss among individuals with and without DM2, 14, 15 whereas others found people with DM2 tended to lose less weight. 9, 11, [16] [17] [18] Disease progression and use of some DM2 medications may be a factor in success. 9, 12 The use of meal replacements (MRs) for weight loss has been shown to be effective in individuals with and without DM2. 9, 14, 15, [19] [20] [21] [22] [23] MRs provide portion control and can bring structure to weight-loss interventions. Weight-loss success can also be enhanced by providing behavioral support to improve adherence to a reduced calorie diet, using either in-person or telephone counseling. 22, 24, 25 Including both MRs and support provides a more comprehensive approach to weight reduction and is associated with weight loss success. 26 Accordingly, recent medical treatment guidelines for the management of overweight and obesity in adults recommend participation in a comprehensive lifestyle program. 27 Commercial programs with a comprehensive lifestyle intervention are supported as an option for weight loss within these guidelines, provided they are backed by evidence of their safety and efficacy.
Given the increasing prevalence of DM2 and prediabetes, their relationship to weight status, and the related health benefits of weight loss, it is important to evaluate the effectiveness of weight-loss programs for these populations in real-world settings. The purpose of this study was to evaluate the relative effectiveness of a commercial weight-loss program for weight loss in individuals with and without DM2 or high blood sugar (D/HBS). In this chart review study, we examined weight loss, body composition and several biomarkers of cardiometabolic risk over 24 weeks, in a cohort of individuals with self-reported D/HBS compared with a cohort of individuals without these conditions, all of whom were overweight/obese and enrolled in a weight-loss program featuring MRs used in conjunction with one-on-one behavioral support.
SUBJECTS AND METHODS
This study is an analysis of data previously collected from three systematic retrospective chart review studies that included charts from 22 MWCC (Medifast Weight Control Centers) located in Maryland, Texas, Florida and Pennsylvania. These studies were approved by the Western Institutional Review Board (Puyallup, WA, USA), which concluded the studies met the requirements for a waiver from the informed consent process per 45 CFR 66.116(d). The study designs and data collection procedures have been published previously; [28] [29] [30] these studies were registered in ClinicalTrials. gov (#NCT01662830 and #NCT02150837). In brief, charts from clients who were overweight or obese, and who were following one of three Medifast weight-loss meal plans (the 5 & 1 Plan, the 4 & 2 & 1 Plan, or the 5 & 2 & 2 Plan), and who had signed a personal health information consent form (which included permission to use their data for research purposes) were included in these studies. Each meal plan utilized a combination of Medifast MRs (Medifast, Inc., Owings Mills, MD, USA) and conventional foods. Each MR contained 90-110 calories, 11-15 g protein, 12-15 g carbohydrates and 0-3.5 g fat. The meal plans provide between 800-1500 calories and incorporate 4-5 MRs, 1-2 self-prepared 'lean and green meals' (each including 5-7 oz. of lean protein, three servings (~1½ cups) of nonstarchy vegetables, and up to two healthy fat servings) and 0-2 healthy snacks (fruit, dairy or whole grains), depending on the plan. More details of each Medifast meal plan can be found in previous publications. [28] [29] [30] The specific weight-loss meal plan assigned to each client was based on a number of factors including weight status, personal preferences, lifestyle, exercise habits and medical history.
The weight-loss programs included weekly one-on-one in-person sessions with trained counselors who utilized motivational interviewing to promote long-term weight control. Clients' weight-loss goals were determined jointly by the counselor and client, which in turn determined the prescribed length of the client's active weight-loss phase. Body weight, pulse and blood pressure were abstracted at baseline and up to 24 weeks, plus at the final visit (FV). The FV was defined as the client's last visit to the MWCC during active weight loss while following their original meal plan; the time of the FV varied by individual client, and includes clients who stopped their assigned meal plan early. Abdominal circumference, body composition (measured by bioelectric impedance) and self-reported medical history including baseline use of prescription medication(s) were also abstracted from the charts.
Statistical analysis
This study was a retrospective cohort analysis by self-reported diabetes status (that is, self-reported history of D/HBS versus not reported (control)). The primary outcome measure for this analysis was change in body weight (absolute and %) from baseline to weeks 4, 12 and 24.
Data were analyzed according to a pre-defined statistical analysis plan. Non-parametric Mann-Whitney U-tests were used for between group comparisons to examine change from baseline to weeks 4, 12, 24 as well as FV. Non-parametric paired Wilcoxon signed rank tests were used for within group comparisons at these time points.
For the primary analysis, a completers analysis was used; this analysis included each chart that had data for the given outcome and time point, irrespective of whether the individual completed his/her entire program. Similar analyses were conducted on secondary outcomes. An intention-totreat last observation carried forward (ITT LOCF) analysis, pre-specified in the analysis plan, was also performed for the primary outcome for comparison. If missing, imputed data were carried through from the last measured observation to each client's last prescribed week of weight loss. The ITT LOCF analyses included all charts with baseline weight data and for which the prescribed program length did not exceed the specified time point. In addition, a mixed effects regression model was used to examine weight change over time in the combined sample. Weight was the dependent variable, D/HBS vs control was the categorical predictor and baseline weight, meal plan, time and gender were covariates. The proportions of individuals achieving ⩾ 5 and ⩾ 10% weight loss from baseline were calculated, and χ 2 -tests were used to determine if proportions were significantly different between groups. Significance was defined as Po 0.05. Analyses were conducted using SPSS Version 14.0 and Stata Version 10.
RESULTS

Baseline characteristics
All charts from the three previous MWCC chart review studies [28] [29] [30] that had self-reported medical history (n = 816 of 818) were included in this analysis. The cohort with D/HBS had a higher proportion of males, weighed more, had more individuals with a BMI in the higher obesity classes, and was older than the control cohort (Table 1) . Those with D/HBS were assigned to the 4 & 2 & 1 (1100-1300 kcal per day) and 5 & 2 & 2 (1300-1500 kcal per day) meal plans more often than the control cohort, which had a higher proportion using the 5 & 1 Plan (800-1000 kcal per day). The cohort with D/HBS had higher amounts of fat and lean mass compared with the control cohort, although body fat percentages Continued use or changes in DM2 medication was not routinely tracked in the charts.
Program information
The mean prescribed program length of the cohort with D/HBS was~3 weeks longer than that of the control cohort (P o 0.0001), reflecting their higher baseline weight (Table 1) . Similarly, the cohort with D/HBS stayed on their weight-loss meal plan~3 weeks longer compared with controls (P = 0.041).
Body weight Overall, mean body weight in both cohorts decreased steadily and significantly compared with baseline through 24 weeks and at FV ( Table 2 and Figure 1a ). The completers analyses showed similar amounts of absolute weight lost in both cohorts at all time points ( Table 2 ). As a percentage of baseline weight (Figure 1a) , controls lost more weight than those with D/HBS at early time points (5.6 ± 2.1 vs 5.0 ± 2.3%, P = 0.005 at week 4; 11.1 ± 4.1 vs 9.9 ± 4.6%, P = 0.027 at week 12), whereas there were no differences between the cohorts at week 24 (15.7 ± 6.1 vs 13.9 ± 7.0%, P = 0.151) or FV (10.9 ± 7.1 vs 10.7 ± 8.0%, P = 0.550) in the completers analysis. Similar trends in absolute weight loss were observed in the ITT LOCF analyses, with no significant differences between cohorts ( Table 2 ). There were no differences between cohorts in percent weight loss at any time points in the ITT LOCF analysis (Figure 1a ).
To account for differences in baseline characteristics between the two cohorts, weight loss was also examined in a mixed model regression analysis with adjustments for baseline weight, gender and meal plan. Both adjusted and unadjusted values are shown in Table 2 . Weight-loss values in these analyses were similar to the completers analyses, and there were no differences in the amount of body weight lost between the cohorts with or without adjustments for these covariates at any of the time points or FV. Both cohorts had significant proportions that achieved a therapeutic level of weight loss (⩾5%) (Figure 1b) . More individuals in the control cohort achieved this milestone at earlier time points (weeks 4 and 12) compared with the cohort with D/HBS. However, over 90% of individuals in both cohorts lost ⩾ 5% of their baseline weight by week 24, with no difference between the cohorts. At 12 weeks, a majority of individuals (and similar proportions) in both cohorts experienced weight losses of ⩾ 10%. At week 24, there was a higher proportion of controls (82.1%) with ⩾ 10% weight loss compared with the cohort with D/HBS (64.7%, P = 0.025). Figure 1c shows the proportion of each cohort that achieved various degrees of weight loss by FV. Nearly all individuals in both cohorts lost weight by FV:~98% in the control cohort and 97% in those with D/HBS. In addition, nearly identical proportions from both the control cohort and the cohort with D/HBS achieved weight losses of ⩾ 5% (78 vs 74%, respectively), ⩾ 10% (49 vs 46%, respectively) and ⩾ 20% (11% for both cohorts) by FV. A measurable proportion of both cohorts also had weight losses of ⩾ 25% (5% in controls and 3% in those with D/HBS).
Approximately two-thirds of the cohort with D/HBS reported using medications for DM2 at baseline. To examine potential effects of medication use on weight loss, the cohort with D/HBS was divided into a subgroup that reported use of medications for DM2 at baseline and a subgroup that did not. A completers analysis showed no difference in absolute or percent weight lost between these subgroups at any time points (data not shown).
Body composition Weight loss in both cohorts was primarily due to decreases in fat mass (Figure 2 ). Fat mass represented 67, 80 and 82% of the total weight lost for controls and 87, 89 and 86% of the total weight lost in the cohort with D/HBS at 4, 12 and 24 weeks, respectively. Table 2 . Between group comparison using non-parametric Mann-Whitney U-test: **P = 0.005, *P = 0.027. (b) Proportion of individuals with at least 5% and at least 10% reduction in baseline body weight. Analysis of the completers population, which included all individuals with weight data at the given time point; sample sizes at each time point are shown in Table 2 . χ At 4 weeks, the control cohort had lost more lean mass than those with D/HBS (2.2 ± 2.1 vs 0.9 ± 2.6 kg, P = 0.002), but by 12 weeks there were no longer differences between the cohorts in the absolute amount of either lean or fat mass lost. Both cohorts lost approximately 5-6% of their baseline lean mass across the 24-week time period, whereas absolute fat mass was reduced by 32% (controls) and 40% (D/HBS) from baseline (data not shown). This resulted in positive changes in overall body composition in both cohorts: lean mass as a percentage of total body weight increased from 55-56% at baseline to 63-65% at 24 weeks, and fat mass as a percentage of total body weight decreased from 44-45 to 36-37% at 24 weeks (data not shown).
Cardiometabolic risk factors
The mean baseline blood pressure in both cohorts was above normal (Table 3) . A reduction in both systolic and diastolic blood pressure occurred early in weight loss in both cohorts, with the majority of the response occurring within the first 4 weeks ( Table 3 ). The magnitude of the reductions in systolic and diastolic blood pressure were not different between the two cohorts, and both represented significant improvements within each cohort (P o 0.0001). Pulse decreased at all time points throughout the study for both cohorts with no differences between the cohorts. Abdominal circumference significantly decreased from baseline at all time points throughout the study; at week 24 the control cohort had a greater reduction compared with the cohort with D/HBS (15.7 ± 6.7 vs 10.1 ± 6.8 cm, P = 0.027) ( Table 3) .
DISCUSSION
Weight loss is one of the primary recommendations made to individuals with newly diagnosed DM2 to reduce complications and better manage the disease; for those with prediabetes, weight loss is recommended to prevent progression to DM2. 31 The Look AHEAD study demonstrated that people with DM2 using an intensive lifestyle intervention can lose therapeutic amounts of weight. 22 However, physiological as well as psychological barriers to weight loss may be more pronounced in people with DM2 or prediabetes. 11 Few studies have directly compared the effectiveness of a weight-loss program in people with and without DM2 and, when they have done so, the results have varied. 9, 11, [14] [15] [16] [17] [18] In this study we sought to determine whether there were differences in weight loss between individuals with self-reported DM2/HBS compared with those without when both cohorts were using structured reduced calorie meal plans and receiving behavioral support. When controlling for baseline differences, we found that weight losses were similar between cohorts (Table 2) . Although there were some modest differences in the proportion who achieved 5% and 10% weight loss at some time points, there were no differences at FV. Nearly two-thirds of the cohort with D/HBS had lost ⩾ 5% of their body weight by the FV while on their original weight-loss plan (including people who stopped the program early); this amount of weight loss is associated with improvements in glucose control and cardiometabolic risk factors. 8, 9 In addition, nearly half had lost ⩾ 10% of their baseline body weight by FV, a percentage that has been associated with reduced cardiovascular events and death in DM2. 10 Current obesity treatment guidelines recommend 5-10% weight loss over a 6-month period. 27 For those in the cohort with D/HBS who continued the program for 24 weeks, 91% had lost ⩾ 5% and 65% had lost ⩾ 10% of their baseline body weight. The weight loss observed in those with D/HBS at 24 weeks was 16.3 kg (13.9%) (11.4 kg; 9.2% in the ITT analysis). Based on a systematic review and meta-analysis, most studies in individuals with DM2 utilizing diet with and without physical activity and/or behavioral interventions report weight losses in the range of 2.5-6 kg and o6% at 6 months. 9 The weight-loss intervention in this study utilized structured, reduced calorie meal plans using MRs combined with individualized one-on-one weekly counseling to create a comprehensive lifestyle program. Previous studies have shown these meal plans to be safe and effective for weight loss in individuals who were overweight or obese-including older adults (⩾ 65 years), males and females, and the morbidly obese. [28] [29] [30] 32, 33 One previous study showed that the use of similar MRs specially formulated for DM2 was more effective for weight loss and weight maintenance than a standard, self-selected diet based on recommendations by the American Diabetes Association in people with DM2 in a clinical setting. 20 The present study extends these findings and shows the current MR products and programs administered through a commercial weight loss center are similarly effective for weight loss in adults with and without D/HBS. It is notable that of the interventions evaluated in a systematic review and meta-analysis examining weight loss in DM2, those utilizing MRs were the only interventions to average 45% weight loss at 6 months. 9 To further highlight the potential benefit of MRs, the 6-month weight loss for individuals with diabetes and prediabetes in a medically supervised MR program were similar to the weight loss observed in this study for the cohort with D/HBS. 14 Retention of lean mass during weight loss is important for longterm weight maintenance and also for maintaining physical function after weight loss. The amount of fat lost on an absolute basis, and as a proportion of the total weight lost, was similar Figure 2 . Change from baseline body weight, lean body mass and body fat mass. Mean ( ± s.d.) for the completers population, which included all individuals with body composition data at the given time point; sample sizes are designated below the graphs. between the two cohorts, suggesting there was not a difference in the way these cohorts utilized adipose tissue to meet the caloric deficit in their diets. This is in contrast to other research which found that individuals with DM2 lost less fat per unit of body weight lost than those without DM2. 15 Indeed, the only body composition differences in this study occurred at week 4, where the cohort with D/HBS lost less lean mass compared with controls and had a greater percentage of weight loss from fat. At later time points the losses in fat mass were similar, with 480% of weight loss due to loss of fat mass in both cohorts. Thus both cohorts had good retention of lean mass (6% or less absolute loss of lean mass across the study period). Although modest exercise was encouraged during the weight-loss program, there was no formal exercise component. The nutritional composition of these meal plans, which provide a relatively high level of protein (~100-150 g per day), is likely an important contributing factor in the retention of lean mass. 34 Because individuals with DM2 are at a higher risk for cardiovascular disease, weight loss-related improvements in cardiometabolic risk factors are an important outcome measure. Clinically relevant and similar improvements in both blood pressure (systolic and diastolic) and pulse were observed in both cohorts. The reduction in both systolic and diastolic blood pressure and pulse occurred early in weight loss, with the majority of the response occurring within the first 4 weeks, corresponding to the time interval when individuals lost an average of 5% of baseline body weight. The magnitude of the blood pressure reductions observed in this study (10-11 mm Hg systolic and 4-6 mm Hg diastolic) has been associated with a substantial reduction in cardiovascular disease risk. 35 Central obesity is associated with increased risk of developing DM2 and its comorbidities and has been shown to independently and adversely impact mortality. 36, 37 Each 5 cm increment in waist circumference above 90 cm for men and 70 cm for women is associated with a 7-9% increase in mortality, 37 and as such, we observed clinically relevant improvements in abdominal circumference in both cohorts, ranging from~5cm decrease at 4 weeks to 10-15 cm decreases at 12 and 24 weeks. In contrast to previous research, 15 abdominal circumference appeared to decrease more in controls at 24 weeks, although relatively few individuals remained in the cohort with D/HBS at this time point. Plausible explanations include a higher proportion of males and/or the presence of insulin resistance in the cohort with D/HBS, which may have impacted the change in central adiposity. Alternatively, changes in abdominal circumference may be directly related to an individual's percent weight loss, and in this sample, a higher proportion of controls achieved ⩾ 10% weight loss at week 24 compared with the cohort with D/HBS (82.1 vs 64.7%). This abdominal circumference finding is interesting and points to an area of future research comparing long-term abdominal fat loss in individuals with and without DM2.
Laboratory outcomes such as fasting glucose, HbA1c, plasma insulin and blood lipids were not available, however, based on existing research and the percentage weight loss achieved, these laboratory values would be expected to improve; [8] [9] [10] further prospective research would be needed to confirm this. Although some clients reported reduced DM2 medication usage on an ad hoc basis, suggesting improved glycemic control, comprehensive data capturing changes in medication were not available from the charts. In evaluating weight loss for those who reported DM2 medication use at baseline versus those who did not, we found no differences in absolute or percent weight loss.
Given the data were retrospective and medical history was selfreported, there are limitations to describe. Related to the cohort assignment, the presence of D/HBS was not verified by laboratory measure or physician records; data were not available to definitively differentiate between D/HBS, so it could not be determined directly what proportions had prediabetes, were newly diagnosed with DM2, or had a diagnosis of longer duration. However, two-thirds of those in the cohort with D/HBS reported using DM2 medications at baseline, so it is reasonable to assume that this proportion represented individuals with DM2 rather than prediabetes. In addition, individual medications were not uniformly documented so the impact of specific diabetes therapies on weight could not be evaluated. It is also possible, given the number of undiagnosed individuals with these conditions, that some individuals included in the control cohort may have had undiagnosed prediabetes or DM2. Despite this possibility, selfreported diabetes diagnosis has been shown to be reliable in several studies evaluating various populations. [38] [39] [40] Laboratory outcomes related to glycemic control and lipids were also not available. The retrospective cohort design resulted in differences in the baseline characteristics of the controls and those with D/HBS. These baseline differences reflect typical differences between populations with and without DM2 or prediabetes.
14 Despite these differences in baseline characteristics, similar amounts of weight (absolute, percentage) were lost, and after correcting for baseline weight, gender and meal plan assignment, there was no difference in the rate of weight loss between the cohorts. Moreover, given the large proportion of those with D/HBS reporting use of DM2 medications, and that individuals using DM2 medications may be more resistant to weight loss, 9 overall weight loss for the cohort with D/HBS did not appear to be negatively impacted. Both of these points suggest the weight-loss program was similarly effective in adults with DM2 or prediabetes, and in those without these conditions.
In contrast to most prospective weight loss studies that limit the study population to generally healthy individuals with obesity, a strength of this study was the broad selection criteria, which included many individuals with baseline health issues in addition to DM2 and prediabetes. 29, 30 The high number of centers represented, the relatively large sample size and the broad chart selection criteria support the generalizability of the study results among weight control center customers and provide a true picture of real-life experience on this program.
Conclusion
This study reinforces previous findings that structured weight-loss programs incorporating MRs and behavioral support can be an effective approach for weight loss in adults who are overweight and obese, including those with DM2 or prediabetes. In this study examining a real-world setting, adults with self-reported D/HBS experienced similar weight loss and fat mass losses, as well as improvements in measured cardiometabolic risk factors, as a cohort without these conditions.
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